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A B S T R A C T  

The Greenshie lds  Q u a l i t y  Index a n d  t he  Acce lera t ion  

NoPse Parameter were determined f o r  t h r e e  s e c t i o n s  o f  h i a h -  

way i n  New J e r s e y  f o r  s i m i l a r  volume groupings.  The two  

methods were analyzed f o r  p o s s i b l e  use i n  a S u f f i c i e n c y  

R a t i n g  procedure.  

Nei ther  method was determined t o  be s a t i s f a c t o r y  f o r  

use in  the  S u f f i c i e n c y  R a t i n a  procedure.  The Q u a l i t y  I n d e x  

does not  r e a d i l y  lend i t s e l f  t o  s tandard  s t a t i s t i c a l  a n a l y s i s  

a n d  both measures r e q u i r e  too  l a r q e  a sample s i z e  t o  be 

p r a c t i c a l  f o r  use i n  a Suf f i c i ency  R a t i n a  procedure.  
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An E v a l u a t i o n  o f  G r e e n s h i e l d s  Q u a l i t y  I n d e x  

and t h e  A c c e l e r a t i o n  N o i s e  Paramete r  f o r  

Use i n  S u f f i c i e n c y  R a t i n g  P r o c e d u r e s  

For many y e a r s ,  e n g i n e e r s  have been s e e k i n g  measures 

t o  d e s c r i b e  t h e  v a r i o u s  i n t e r r e l a t e d  e f f e c t s  o f  road ,  d r i v e r  

and t r a f f i c  c o n d i t i o n s .  No one measure has been d e r i v e d  t h a t  

c o m p l e t e l y  e x p l a i n s  a l l  o f  t h e s e  a s p e c t s ;  however ,  two measures 

o f  f a i r l y  r e c e n t  v i n t a g e  have been shown t o  be  c a p a b l e  o f  g i v i n g  

a t  l e a s t  p a r t i a l  e x p l a n a t i o n s .  

The t r a f f i c  p a r a m e t e r  " A c c e l e r a t i o n  N o i s e "  w h i c h  was f i r s t  
2 d i s c u s s e d  by Herman ,  e t  a l l  and t h e  " Q u a l i t y  o f  T r a f f i c  Flow" 

as d e r i v e d  by G r e e n s h i e l d s .  appear  t o  be t o o l s  w h i c h  may a l l o w  

t h e  e n g i n e e r  t o  e v a l u a t e  or  compare roadway s e c t i o n s ,  t a k i n g  

I n t o  a c c o u n t  some o f  t h e s e  i n t e r r e l a t e d  e f f e c t s .  
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Purpose 

The New J e r s e y  Department o f  T r a n s p o r t a t i o n  i s  i n  t h e  

p rocess  o f  d e v e l o p i n g  a " S u f f i c i e n c y  R a t i n g "  p rocedure  f o r  t h e  

New J e r s e y  S t a t e  Highway System. As p a r t  o f  t h i s  s t u d y  i t  was 

d e c i d e d  t o  u t i l i z e  t h e  ubove two measures on t h r e e  d i f f e r e n t  

s e c t i o n s  o f  highway t o  compare t h e  r a t i n g s  rendered  by t h e  

i n d i v i d u a l  measures. The two measures cannot  be compared 

s t a t i s t i c a l l y  s t n c e  one measure takes  t h e  fo rm o f  a u n i t l e s s  

i n d e x  number and t h e  o t h e r  I s  t h e  root-mean square o f  t h e  a c c e l -  

e r a t i o n  o f  a c a r .  (These two methods w i l l  be discussed  i n  a 

f o l l o w i n g  p o r t l o n  o f  t h e  r e p o r t . )  

To compare t h e  two measures, each r o u t e  was  r a t e d  by 

each measure f o r  t h e  same h o u r l y  volume g r o u p i n g s .  T h i s  a l l o w e d  

f o r  a d e t e r m i n a t i o n  as t o  whether  each r a t i n g  g i v e s  t h e  same or 

d i f f e r e n t  r e l a t i v e  r a t i n g s  t o  t h e  I n d i v i d u a l  roadways under 

s i n i  1 a r  vol ume c o n d i  t i o n s .  

A l s o ,  a s t a t i s t i c a l  a n a l y s i s  o f  the a c c e l e r a t i o n  n o i s e  

pa ramete r  was made t o  d e t e r m i n e  if t h e r e  i s  any s i g n i f i c a n t  

d i f f e r e n c e  between t h e  r a t i n g  o f  each roadway under  equal  volume 

groups. F o r  I n s t a n c e ,  the a c c e l e r a t i o n  n o i s e  r a t i n q  f o r  one 

roadway under  each volume group w i l l  be compared s t a t i s t i c a l l y  

w l t h  each a c c e l e r a t i o n  n o i s e  r a t i n g  f o r  t h e  a t h e r  roadways under  

the same volume g r o u p i n g  t o  d e t e r r l n e  I f  t h e r e  i s  a s i g n i f i c a n t  
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d i f f e r e n c e  i n  t h e  r a t i n g s .  The ave rage  a c c e l e r a t i o n  n o l s e  

p a r a m e t e r s  w i l l  a l s o  be  s t a t i s t i c a l l y  a n a l y z e d  t o  d e t e r m i n e  i f  

t h e r e  i s  a d i f f e r e n c e  between t h e s e  v a l u e s  f o r  d i f f e r e n t  vo lume 

g r o u p s  on t h e  same r o u t e .  

S t u d y  S i t e s  

T h r e e  s e c t i o n s  o f  roadway i n  N e w  J e r s e y  were  s e l e c t e d  

f o r  s t u d y .  These s e c t i o n s  a r e  a s  f o l l o w s :  

1. I n t e r s t a t e  295  

A 6 .8  m i l e  s e c t i o n  between Routes  7 3  a n d  30 i n  

Camden Coun ty  was s t u d i e d .  T h i s  s e c t i o n  i s  b u i l t  

t o  i n t e r s t a t e  s t a n d a r d s  w i t h  2 - 1 2 '  l a n e s / d i r e c t i o n ,  

10'  s h o u l d e r s  a n d  d i v i d e d  b y  a 4 0 '  w i d e  g r a s s  med ian .  

There  a r e  4 f n t e r c h a n g e s  w i t h i n  t h e  s e c t i o n .  T h i s  

s e c t i o n  h a s  f u l l  c o n t r o l l e d  access .  The 1967 A A D T  

was 33,000 v e h i c l e s ,  w i t h  a 50 p e r c e n t  d i r e c t i o n a l  

d i s t r i b u t i o n  and 12 p e r c e n t  t r u c k s .  

2.  U . S .  1 

An 11.9  m i l e  s e c t i o n  be tween Rou te  5 4 6  i n  M e r c e r  

Coun ty ,  and New Road i n  M i d d l e s e x  Coun ty  was s t u d i e d .  

There  a r e  2 - 1 2 '  l a n e s / d i r e c t i o n  w i t h  1 0 '  s h o u l d e r s .  

There  are  15 j u g h a n d l e  s i g n a l i z e d  i n t e r s e c t i o n s .  

The s i g n a l s  a r e  i n t e r c o n n e c t e d  and p r o g r e s s i v e l y  t i m e d  

f o r  a speed o f  54 mph. The speed l l m i t  i s  5 5  mph. 

T h e r e  Is a 24"  h i g h  New 3 e r s e y  c o n c r e t e  med ian  d i v i d e r  
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3 .  

separating the opposing directions o f  travel. I n  

addition, there are 5 non-signalized intersections. 

In the northbound direction there are 4.7 private 

drivenays/mile and 3 commercial driveways/mile. In 

the southbound direction there are 2.7 private 

driveways/mile and 4.7 commercial driveways/mile. 

This is considered to be a partially controlled 

access roadway since turning movements are restricted 

to intersections due to the median barrier and are 

handled by means o f  the jughandles, thus minimizing 

conflicting movements. The 1967 A A D T  was approximately 

22,000 vehicles, with a 50 percent directional dis- 

tribution and 18 percent trucks. 

U.S. 130 

A 5.0 mile section between Route 73 and the Camden 

Airport Circle in Camden County was studied. There 

are 3 - 11.5' lanes/direction with no shoulders. 

There are 4 jughandle signalized intersections and 

7 four-leg signalized intersections. There is a 24" 

high New Jersey concrete median barrier separating 

opposing directions o f  travel. I n  the southbound 

direction there are 15 commercial drivenays/mile and 

17.9 commercial driveways/mile in the northbound 

direction. Although turning movements are restricted 
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t o  j u g h a n d l e  i n t e r s e c t i o n s ,  t h e r e  i s  a g r e a t  d e a l  

o f  m a r g i n a l  f r i c t i o n  due t o  t h e  commerc ia l  l a n d  use.  

T h i s  s e c t i o n  I s  c o n s i d e r e d  t o  have a minimum degree  

o f  access  c o n t r o l .  The AADT i s  a p p r o x i m a t e l y  35,000 

v e h i c l e s ,  w i t h  50 p e r c e n t  d i r e c t i o n a l  d i s t r i b u t i o n .  

The speed l l m i t  i s  50 rnph and t r a f f i c  i s  composed 

o f  1 7  p e r c e n t  t r u c k s .  

A c c e l  e r a t  I o n  No1 se  

The a c c e l e r a t i o n  n o i s e ,  a t r a f f i c  pa ramete r ,  i s  b a s i c a l l y  

d e f i n e d  as  t h e  roo t -mean-square  o f  t h e  a c c e l e r a t i o n  o f  a c a r  

and measures t h e  t u r b u l e n c e  o f  t h e  v e h i c l e  i n  t h e  t r a f f i c  s t ream.  

T h i s  p a r a m e t e r  was f i r s t  d i s c u s s e d  by Herman' and f u r t h e r  d e v e l -  

oped by  M ~ n t r o l l . ' ~  

o f  t h i s  p a r a m e t e r  w i l l  n o t  be d i s c u s s e d  he re , .bu t  a v e r y  c o m p l e t e  

summary nay be found i n  a r e p o r t  e n t l t l e d ,  " D e v e l o p i n g  T r a f f i c  

I n d l c e s  f o r  t h e  D e t e c t i o n  o f  H i g h  A c c i d e n t  P o t e n t i a l  Highways 

F o r  t h e  sake o f  b r e v i t y ,  t h e  deve lopment  

i n  N o r t h  C a r o l i n a "  by C. L.  Heimbach, e t  a l .  4 

F o r  t h i s  s t u d y ,  t h e  a c c e l e r a t i o n  n o t s e  1s d e f l n e d  as follows: 

I f  v ( t )  and a ( t )  are t h e  speed and a c c e l e r a t i o n  o f  a c a r  

a t  t i m e  t, t h e n  t h e  ave rage  a c c e l e r a t i o n  o f  t h e  c a r  f o r  a j o u r -  

ney t a k l n g  t i n e  T i s  

t , . -. . -  * .  
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The a c c e l e r a t i o n  n o i s e  6 i s  d e f i n e d  t o  be t h e  root-mean square 

o f  t h e  a c c e l c r a t l o n ,  SO t h a t  

I f  t h e  car 's f i n a l  speed Is t h e  same as i t s  I n i t i a l  speed, t h e n  ' 

'av = o and 

I n  most o t h e r  cases, t h e  e x t r a  t e r m  i s  c o m p a r a t i v e l y  

s m a l l  and can be n e g l e c t e d .  

T h i s  cari be approx ima ted  t o  

where P t  i s  t i m e  t a k e n  f o r  a change, AV i s  speed,AV b e i n g  

taken  c o n s t a n t  t h r o u g h o u t  t h e  measurement. AV f o r  t h i s  s t u d y  

was taken  as 5 mph. T i s  t h e  r u n n i n g  t i m e  which i s  equal  t o  

o v e r a l l  t i m e  minus s topped t i m e .  

Q u a l i t y  o f  T r a f f i c  F l o w  

Again,  f o r  t h e  sake o f  b r e v i t y ,  t h e  development of  t he  

" q u a l i t y  i n d e x "  w i l l  n o t  be d i s c u s s e d  here,  b u t  a complete 

d i s c u s s i o n  may be found i n  " Q u a l i t y  o f  T r a f f i c  TransmissionM 

by Greensh ie lds5  or " Q u a l i t y  and Theory o f  T r a f f i c  F low" by 

Greensh ie lds ,  e t  a l .  2 

The " q u a l i t y  i n d e x "  i s  d e f i n e d  by t h e  f o l l o w i n g  e q u a t i o n :  
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where 

Q = q u a l l t y  i ndex  

S - average speed (mph) 

= a b s o l u t e  sum o f  speed changes/mi le  

f - number o f  speed c h a n g e s / r i l e  

K - c o n s t a n t  (1000) t o  a v o i d  small numbers. 

In o r d e r  f o r  a speed change t o  be considered,  i t s  magnltude had 

t o  be 5 nrph. 

Data C o l l e c t l o n  

The da ta  c o l l e c t i o n  was accompl ished by u s i n g  t h e  average 

car method. The c a r  was equipped w i t h  a t r a f f i c  da ta  c o m p i l e r  

(a  g r a p h l c  r e c o r d e r )  manufactured by t h e  M a r b e l i t e  Company. A 

two-man team composed o f  d r i v e r  and obse rve r  were used for  each 

run. F i v e  d i f f e r e n t -  d r i v e r s  were u t i l i z e d  t o  n i n l m i z e  the 

e f f e c t  o f  an l n d l v i d u a l  d r i v e r .  The da ta  c o m p i l e r  gave a con- 

t i n u o u s  g r a p h i c a l  r e c o r d i n g  o f  speed, speed changes and f requency  

o f  speed changes over t lme as w e l l  as t o t a l ,  r u n n i n g  and s topped 

t ine.  Cont inuous volume counts  wert  t aken  on each s e c t l o n  w h i l e  

t h e  runs were betng made. 

F i f t y  rurls were made on Route 1 and Route 130 for  each 

d i r e c t i o n  o f  travel .  T h i r t y  runs  f o r  each d i r e c t i o n  were made 

on 1-295. The r n a l y s l s  o f  t h e  d a t a  combines t h e  d i r e c t i o n s  o f  

t r a v e l  on t a c h  r o u t e .  

. 
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D a t a  A n a l y s i s  

The d i r e c t i o n a l  h o u r l y  vo lumes o n  e a c h  r o u t e  w e r e  g r o u p e d  

i n t o  400 v p h  g r o u p s  b e a i n n i n g  a t  600 vph and e x t e n d i n g  t o  3800 vph.  

The v o l u m e  g r o u p s  a r e  600 - 999, 1 0 0 0  - 1399,  e t c .  

The f i r s t  c o m p a r i s o n  i s  t o  r a n k  e a c h  measure  ( U  o r  Q )  

f o r  e a c h  r o u t e  by s i m i l a r  vo lume g r o u p s .  F o r  i n s t a n c e ,  t h e  U 

v a l u e  a n d  t h e  Q v a l u e  w i l l  r a n k  e a c h  r o u t e  f o r  t h e  same v o l u m e  

g r o u p .  T h i s  w i l l  a l l o w  f o r  a r e l a t i v e  c o m p a r i s o n  o f  e a c h  r o u t e  

u n d e r  same vo lume c o n d i t i o n s .  

The s e c o n d  c o m p a r i s o n  i s  t o  compare s t a t i s t i c a l l y  t h e  

a c c e l e r a t i o n  n o i s e  p a r a m e t e r  f o r  t h e  same v o l u m e  g r o u p i n g ,  b u t  

o n  d i f f e r e n t  r o u t e s .  F o r  i n s t a n c e ,  t h e  a v e r a g e  (T v a l u e  f o r  

t h e  1000 - 1399 v o l u m e  g r o u p  on 1-295 i s  compared w i t h  t h e  U 

p a r a m e t e r  f o r  t h e  same v o l u m e  g r o u p  o n  R o u t e s  1 3 0  and 1. The 

m e t h o d  o f  c o m p a r i s o n  i s  t o  t e s t  f o r  a s t a t i s t i c a l l y  s i g n i f i c a n t  

d i f f e r e n c e  i n  a v e r a g e s  b y  u s e  o f  t h e  S t u d e n t  t T e s t .  T h i s  t e s t  

i s  d i s c u s s e d  i n  a f o l l o w i n g  s e c t i o n .  

The t h i r d  m e t h o d  o f  c o m p a r i s o n  i s  t o  compare  by t h e  use 

o f  t h e  S t u d e n t  t t e s t  t h e  d i f f e r e n c e  i n  a v e r a g e  d v a l u e s  o n  

t h e  i n d i v i d u a l  r o u t e s  for d i f f e r i n g  v o l u m e  g r o u p s .  For i n s t a n c e ,  

on  R o u t e  1-295,  t h e  U v a l u e  f o r  e a c h  vo lume g r o u p  w i l l  b e  

compared s t a t i s t i c a l l y  w i t h  e v e r y  o t h e r  v o l u m e  g r o u p  o n  t h a t  

r o u t e  t o  d e t e r m i n e  i f  t h e r e  i s  a s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  

v a l u e s .  
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S t a t i s t i c a l  T e s t  

The S tuden t  t t e s t  was used t o  de te rm ine  i f  t h e  average 

v a l u e s  o f U  on one r o u t e  a r e  equal  t o  t h e i r  c o r r e s p o n d i n g  

v a l u e s  on t h e  o t h e r  r o u t e s  under  s i m i l a r  volume g roup ings .  

The S tuden t  t t e s t  i s  a s t a n d a r d  s t a t i s t i c a l  t e s t  used 

t o  t e s t  t h e  h y p o t h e s i s  t h a t  t h e  means o f  two normal d i s t r i b u -  

t i o n s  a r e  equa l .  

" E n g i n e e r i n g  S t a t l s t t c s *  by Bowker, e t  a1 . 6  

A d i s c u s s i o n  o f  t h e  t e s t  may be found  i n  

The e q u a t i o n  

* . x, -- -Kp 

v i i 2  

t -  u t i l i z e d  I n  t h e  t e s t  i s :  

where - 
X1 and F2 - the mean each -mate. 

91 and m2 = t h e  number o f  t e s t  r u n s  t o  d e t e r m i n e  and r2 

S 1  and S 2  = t h e  s t a n d a r d  d u r a t l o n  o f  and rz 

Since the d a t a  a r e  o b t a i n e d  f r o m  d f f f e r e n t  p o p u l a t i o n s  and the 

s tandard  d e v i a t j o n s  ar@ not n e c e s s a r i l y  equa l ,  t h e  a s s o c i a t e d  

degrees o f  

where 

freedom uere'dctermined f r o m  the following formula:  

. . .  ~ _ . . .  . .  , - 2  

v rssoc4rte.d degrees o f  freedom and t h e  o t h e r  terms a r e  

t h e  same as i n  the p r e v i o u s  e q u a t i o n .  

The .05 level o f  s i g n l f f c a n c e  was used i n  a l l  t e s t s .  
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R e s u l t s  

T a b l e  1 wh lch  shows t h e  r e l a t i v e  r a t l n g s  by  volume groups 

f o r  CT and Q v a l u e s  i n d i c a t e s  t h a t  t h e  two r a t i n g  r e t h o d s  agree 

f o r  a l l  s i m i l a r  volume groups. I n  a l l  cases, t h e  0 v a l u e  i s  

l o w e r  ( b e t t e r )  f o r  Route 1-295 t h a n  e i t h e r  Route 1 o r  Route 130. 

When a l l  t h r e e  r o u t e s  have equal  volumes, Route 1 i s  a lways 

second, and Route 130 i s  t h i r d .  

From t h e  same T a b l e ,  i t  can be seen t h a t  t h e  same i s  

t r u e  f o r  t h e  Q va lue .  In a l l  cases, f o r  equal  volumes, t h e  Q 

v a l u e  i s  h i g h e r  ( b e t t e r )  f o r  Route 1-295 t h a n  e i t h e r  Route 1 

o r  Route 130. Route 1 i s  second and Route 130 t h i r d  when a l l  

t h r e e  r o u t e s  have equal  volumes. 

Havlng d r l v e n  t h e  t h r e e  r o u t e s  and knowing t h e  c h a r a c t e r -  

i s t i c s  o f  geomet r i cs ,  m a r g i n a l  f r i c t i o n ,  e t c . ,  t h i s  Is c e r t a i n l y  

a l o g i c a l  r e l a t i v e  r a t i n g .  

Tab le  2 shows t h e  r a t i n g s  f o r  i n d i v i d u a l  r o u t e s  f o r  

each volume group f o r  each r a t i n g  method. Route 1 shows t h e  

o n l y  c o n s i s t e n t  p a t t e r n  o f  r a t i n g s .  Here, b o t h  t h e  U and Q 

va lues  g i v e  a worse r a t i n g  w i t h  i n c r e a s e  i n  volume groups. 

There appears t o  be no d e f i n l t e  p a t t e r n  f o r  e i t h e r  t h e  i n d i v i d u a l  

r a t i n g s  f o r  t h e  same r o u t e  o r  f o r  comparison o f  d i f f e r e n t  (U 

o r  Q) r a t i n g s  f o r  t h e  same r o u t e  as f a r  as Routes 1-295 and  130 

a r e  concerned. 
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Up to this point In the study, only relative ratings 

have been considered. Although the ratings may appear f o  give 

logical results, It will become apparent that significant 

probl ems exi s t . 
Table 3 shows a breakdown o f  average Q values and their 

sample size for each route i n  each volume g r o u p .  

First, an analysis o f  the distributions o f  the Q values 

on all three routes indicates that the distributions are not 

normal, and the "t" test to analyze significant differences in 

mean values is not applicable. The Q distributions are skewed 

to the right i n  all cases. T h i s  is due to the nature of the 

equation for Q values and the distribution, if adequate samples 

are taken, will always be skewed to the right. 

It also appears that the average Q ratings may be mis- 

leading from a relative standpoint. For instance,,on a route 

such as 1-295, where changes in speed are very infrequent and 

where the magnitude o f  change is usually small, one change i n  

frequency and a small change in magnitude give a large relative 

difference in the Q value. A s  an example, if we assume that 

the S value is 60 mph and that for a one-mile section the fre- 

quency of changes (f) i s  1 ,  the magnitude ( As) is 5 nph, then 
the Q value is 
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whereas, I f  t h e  S v a l u e  remains a t  60 nph and t h e  f requency 

changes t o  2 and t h e  magni tude t o  10 aph, t h e n  t h e  Q v a l u e  becomes 

60000 - = 4290 1000 x 60 

10 x j-5- 14 
Q =  

t h i s  v a l u e  i s  l e s s  t h a n  h a l f  o f  t h e  p r e v i o u s  va lue ,  y e t  o n l y  

one a d d l t l a n r l  speed change o f  5 mph was made. 

NOW, i f  we l o o k  a t  t h e  Q v a l u e  on a s e c t i o n  o f  r o a d  where 

many changes o f  speed a r e  made, we f i n d  a d i f f e r e n t  case. 

I f  many speed changes a r e  made, t h e n  S w i l l  p r o b a b l y  

decrease s i n c e  i t  i s  de te rm ined  f r J m  d i s t a n c e  d i v i d e d  by 

t r a v e l  t ime .  

T h e r e f o r e ,  i f  we assume S i s  30 mph and f i s  2 5  and 4 s  

i s  180 mph, Q becomes 
30000 33  = - =  1000 x 30 

180 x p  900  

and i f  we doub le  t h e  f t o  50 and doub le  t h e  as t o  360 mph and 

l e t  S be 25 mph, Q becomes 

1000 x 25 I Q = T E q n  
I t  f i r s t  appears t h a t  t h e r e  wou ld  c e r t a i n l y  be an appre -  

c i a b l d  d i f f e r e n c e  between t h e  12,000 and 4,290 v a l u e s  and perhaps 

n o t  between t h e  33 and 9 va lues.  

Yet, f r o m  a r e a l i s t i c  s t a n d p o i n t ,  i t  i s  p o s s l b l e  t h a t  a 

d r i v e r  would n o t  n o t i c e  t h e  a d d i t i o n a l  5 nph change on t h e  
A. .- 
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60 aph roadway, whereas he nay be q u i t e  concerned  w i t h  t h e  

d o u b l i n g  o f  f requency  and magn i tude  o f  changes on  t h e  25-30 mph 

road .  

I t  appears  t h a t  t h e  G r e e n s h i e l d s  Q u a l i t y l n d e x  i s  n o t  

s a t i s f a c t o r y  f o r  r o u t e s  o f  t h e  n a t u r e  s t u d i e d  s i n c e  r e l a t i v e  

r a t i n g  may be m i s l e a d i n g  and s i n c e  i t  does n o t  l e n d  i t s e l f  t o  

s t a n d a r d  s t a t i s t i c a l  t e s t s  t o  d e t e r m i n e  s i g n i f i c a n t  d i f f e r e n c e s  

i n  mean v a l u e s .  

T a b l e  4 shows a breakdown o f  ave rage  C v a l u e s ,  t h e i r  

s t a n d a r d  d e v i a t i o n  and sample s i z e  f o r  each r o u t e  i n  each vo lume 

g roup .  

The d i s t r i b u t i o n s  o f  t h e  (r v a l u e s  appeared normal  and 

t h e r e f o r e  l e n d s  i t s e l f  t o  s t a n d a r d  s t a t i s t i c a l  t e s t i n g .  

The a c c e l e r a t i o n  n o i s e  method does appear  t o  be  c a p a b l e  

o f  r e a l i s t i c a l l y  r a t i n g  t h e  s e p a r a t e  r o u t e s  f o r  e q u a l  vo lume 

g roups  and  a l s o  f o r  r a t i n g  d i f f e r e n t  volume g r o u p s  on  t h e  same 

r o u t e .  

From a d r i v e r ' s  s t a n d p o i n t ,  t h e r e  appears  t o  be l i t t l e  

n o t i c e a b l e  d i f f e r e n c e  t n  t r a v e l i n g  Rou te  1-295 i n  any o f  t h e  

volume g roups .  The t e s t  f o r  d i f f e r e n c e  i n  U v a l u e s  i n d i c a t e s  

t h a t  s t a t i s t i c a l l y  t h e r e  i s  no d i f f e r e n c e .  A l s o ,  t h e r e  w o u l d  

appear  t o  be a d i f f e r e n c e  f r o m  t h e  d r i v e r ' s  s t a n d p o i n t  i n  t r a v e l -  

l i n g  Rou te  1-295 and Routes  1 or 130.. S t a t i s t i c a l l y ,  t h e r e  4 s  

a s i g n i f i c a n t  d i f f e r e n c e .  
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O f  t h e  t w o  methods ,  i t  w o u l d  a p p e a r  t h a t  t h e  a c c e l e r a t i o n  

n o i s e  m e t h o d  w o u l d  g i v e  r e s u l t s  t h a t  a r e  more  s a t i s f a c t o r y  f o r  

r a t i n g  methods  s i n c e  they a r e  s u b j e c t  t o  s t a n d a r d  s t a t i s t i c a l  

t e s t s .  

However ,  when t h e  p u r p o s e  o f  t h e  r a t i n g  i s  c o n s i d e r e d ,  

t h a t  b e i n g  i t s  u s e  as  a p o r t i o n  o f  a S u f f i c i e n c y  R a t i n g  p r o c e d u r e ,  

i t  becomes a p p a r e n t  t h a t  i t  i s  n o t  p r a c t i c a l .  A r e l a t i v e l y  l a r g e  

number o f  r u n s  w o u l d  b e  n e c e s s a r y  o n  e a c h  s e c t i o n  r a t e d  when 

t h e  e n t i r e  s t a t e  h i g h w a y  s y s t e m  i s  c o n s i d e r e d .  

C o n c l u s i o n s  

B o t h  m e t h o d s ,  t h e  a c c e l e r a t i o n  n o i s e  and G r e e n s h i e l d s  

Q u a l i t y  I n d e x ,  a p p e a r  t o  m e a s u r e  p a r a m e t e r s  t h a t  a r e  r e p r e s e n -  

t a t i v e  o f  t h e  " c o m f o r t  o r  c o n v e n i e n c e "  o f  a r o u t e .  However ,  

t h e  Q v a l u e  a p p e a r s  t o  b e  m i s l e a d i n g  when t h e  d i f f e r e n c e s  i n  

a v e r a g e  Q v a l u e s  are  a n a l y z e d  on d i f f e r e n t  r o u t e s .  A l a r g e  

d i f f e r e n c e  i n  Q v a l u e s  o n  one r o u t e  b e t w e e n  d i f f e r e n t  v o l u m e  

g r o u p s  may be m e a n l n g l e s s  f r o m  t h e  p r a c t i c a l  s t a n d p o i n t ,  w h e r e a s  

a r e l a t i v e l y  s m a l l  d i f f e r e n c e  i n  Q v a l u e s  o n  a n o t h e r  r o u t e  

b e t w e e n  d i f f e r e n t  v o l u m e  groups  may b e  m e a n i n g f u l .  I t  a l s o  d o e s  

n o t  l e n d  i t s e l f  t o  s t a n d a r d  s t a t i s t i c a l  t e s t s .  

The u v a l u e  does  l e n d  i t s e l f  t o  s t a n d a r d  s t a t i s t i c a l  

t e s t s  a n d  a p p e a r s  t o  b e  a s a t i s f a c t o r y  r a t i n q  m e t h o d .  However ,  

the s a m p l e  s i z e s  n e c e s s a r y  t o  e v a l u a t e  t h e  e n t i r e  s y s t e m  o f  
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roadways ana lyzed  I n  a s u f f i c i e n c y  r a t l n g  s tudy  become t o o  

l a r g e  t o  be p r a c t t c a l .  

Many o t h e r  problems e n t e r  i n t o  t h e  use o f  these  measures 

a s  a r a t i n g  procedure w f t h l n  a s u f f l c f e n c y  r a t i n g .  However, 

they a r e  beyond t h e  scope o T  t h i s  s tudy and w i l l  not be . 

discussed h e r e .  
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D i r e c t i o n a l  
Hourly 

TABLE 1 

R e l a t i v e  R a n k i n g  o f U a n d  Q V a l u e s  f o r  

Each Route  w i t h  Equa l  Volume Groups 

R t .  1-295 R t .  1 R t .  130 

600- 999 

1000-1399 

1400-1 799 

1800-2199 

2200-2599 

2600-2999 

3000-3399 

3400-3799 

1 1 

1 1 

1 1 

1 1 

I 1 

1 1 .  

1 1 

1 1 

2 2 

2 2 

2 2 

- - 
3 3 

3 3 

2 2 

2 2 



TABLE 2 

Relrtive Ranking o f O a n d  Q Values f o r  

Each Individual Route Regardless o f  

Volume 6roups 

01 rec t f onal 
Hourly 

Volume Group 

600- 999 

1000- 1399 

1400-1799 

1800-21 99 

2200-2599 

2600-2999 

3000 - 3399 

R t .  1-295 

X Q  

7 5 

1 1 

2 2 

3 4 

4 3 

L 
6 8 

5 6 

Rt. 1 

- = A  

1 1 

2 2 

3 3 

R t .  130 

- = A  

- - 
2 2 

4 3 

1 1 

3 4 

- - 
34 00 - 3 7 9 9 5 7 
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TABLE 3 

D i  rtct ional  
Hourly 

Volume Group Route 1 

600- 999 

1000-1 399 

1400-1799 

1800-2199 

2200-2599 

2600-2999 

3000-3399 

3400-3799 

Avg. I 
Q Runs 

1637 

895 

707 

0 

- 
0 

- 
- 

Q Values 

Route 130 

Avg . # 
Q Runs 
- - 
41 7 3 2  

298 40 

443 1 s  

288 16 

- - 

Route 295 

Avg . t 

10155 7 

9 Runs 

27895 9 

16576 18 

11908 9 

16294 8 

8867 4 

9731 3 

9573 6 
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Directional 
Hourly 

Volume Group 

600- 999 

1000-1399 

1400- 1799 

1800- 2 199 

2200-2599 

2600-2999 

3000-3399 

3400-3799 

R o u t e  1 

TABLE 4 

Q V a l u e s  

Route  130 

A v g .  S t d .  I Avg. S t d .  # 

1 .28  .465 77 - - - 
Q D e v .  Runs Q Dev.  Runs 

1 . 5 4  .292  10 1 .60  . 4 3 5  32 

1.58 . 3 3 8  14 1 .86  . 4 6 9  40 

- - - 1.50 .377 1 5  

- - - 1.81  .286 16 

R o u t e  295 

A v g .  Std. # 
CT Dev.  Runs 

. 4 1  .209 7 

.23 .160  9 

. 2 4  .124 19 

.31  .201 1 2  

.34 .I68 8 

. 3 8  .lo9 4 

. 3 7  .093 3 

.37  .181  6 
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